ABSTRACT
INTRODUCTION

R(+)limonene
is the main monoterpene constituent of the orange peel oil. It is estimated that the world production of limonene is around 50,000 tons/year. In Brazil its production is estimated to be about 38,500 tons/year (Thomas and Bessiére, 1989) . This great availability of limonene has drawn attention of several research groups in order to transform it in derivatives with higher economic value. Several attempts have been made for the chemical transformation of that compound (Thomas and Bessiére, 1989) . The microbiological transformation of organic compounds is already routinely used for the industrial production of several useful compounds. This approach has also been used for the production of flavour and aroma chemicals (Hagedorn and Kaphammer, 1994) .
Limonene has been subjected to biotransformations in various processes. Its biotransformation by Diplodia gossypina and Corynespora cassiicola resulted in the hydroxylation of positions 1 and 2 (Abraham et al., 1986) . With Aspergillus cellulosae the same diol mentioned above was produced as well as (+)-isopiperitone, (+)-peryllil alcohol (2) and (+)-cis-carveol (Noma, 1992) . The biotransformation by a Pseudomone produced several metabolites (Dhavalikar and Bhattacharyya, 1966) and the transformation by a species of Cladosporium resulted in α-terpineol. In another report peryllil alcohol (2) and other metabolites were described from the biotransformation of limonene by Bacillus stearothermophilus (Chang and Oriel, 1994) .
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The biotransformation of limonene has also been attempted with yeasts (van Rensburg et al., 1997) . Arxula adeninivorans and Yarrowia lipolytica converted limonene to perillic acid. More recently limonene was converted to alphaterpineol by Penicillium digitatum (Tan et al., 1998) .
The transformation of limonene with isolated enzyme has also been carried out. A report (Braddock and Cadwallader, 1995) described the isolation of alpha-terpineol dehydratase from Pseudomonas gladioli and its use for the transformation of limonene to alpha-terpineol.
We have been using F. verticilloides successfully for the biotransformation of tetracyclic diterpenoids. Our previous contribution (Oliveira and Strapasson, 1996) in this area showed that this fungus biotransformed isosteviol (3) in the 7α-OH (4) and 12β-OH (5) derivatives.
F. verticilloides has not been previously used for the transformation of limonene. Therefore we decided to see whether this fungus would be able to transform limonene and to isolate and chemically characterize the metabolites produced. Chromatography a) Thin layer chromatography: TLC was carried out using silica plates (Merck Art. # 5554) and elution was made with ethyl acetate/hexane (1:9 V/V). Colour reagent was: anisaldehyde (0.6 mL), conc. sulphuric acid (1.0 mL), glacial acetic acid (50.0 mL). Plates were sprayed with the reagent and then heated at 100 o C until color developed. b) Column chromatography: CC was carried out with silica gel 60 (Merck Art. # 9385) and elution was made under low pressure (Still et al., 1978) .
MATERIALS AND METHODS
Culture
Purification of Limonene
R-(+)-limonene was fractionated in a silica gel column and elution was made with hexane. Its identity was confirmed by proton nuclear magnetic resonance spectroscopy ( 1 H NMR ).
Biotransformations a) Small Scale Experiment: Four 250 mL conical flasks containing 50 mL of liquid medium were inoculated with the mycelium of a seed culture of F. verticilloides I33 (Sacc.) Nirenberg. The flasks were incubated at 30 o C on a rotary shaker at 100 rpm. After 24 h 0.1 mL of limonene was added to three flasks and the fourth one was kept as control. A new addition of limonene was made after another 24 h. Twelve h later the contents of the flasks were filtered and the mycelia were washed with dichloromethane (50 mL). The filtrate was extracted with the same solvent (3X50 mL), the extracts were combined and analyzed by TLC. b) Preparative Experiment: Four 1000 mL conical flasks containing 200 mL of liquid medium were inoculated with a seed culture of F. verticilloides and the flasks were incubated at 30 o C on a rotary shaker at 100 rpm. After 24 h, 0.25 mL of limonene was added to three flasks and the fourth one was kept as control. A new addition of limonene was made after another 24 h. Twelve h later, the contents of the flasks were filtered and the mycelia were washed with dichloromethane (100 mL). The filtrate was extracted with the same solvent (3X200 mL), the extracts were combined, dried with anhydrous sodium sulfate, filtered and the solvent was evaporated in a rotary evaporator at reduced pressure. The crude extract thus obtained was fractionated in a silica gel column (3X15 cm) using dichloromethane as eluent.
RESULTS AND DISCUSSION
The purification of limonene by CC resulted in a pure compound whose proton nuclear magnetic resonance data confirmed the identity of the compound To the best of our knowledge this is the first description of preparation of peryllil (2) alcohol from limonene, by biotransformation using F. verticilloides.
The importance of peryllil alcohol is derived from the possibility of easily converting it to perilaldehyde, the oxyme of which (6) is a known sweetener 2000 times as sweet as sucrose. This sweetener is commercial in Japan and it is known as perilartine.
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Another very important property of peryllil alcohol (2) is its anti-cancer activity. It is a potent inhibitor of proliferation of some cancer cell lines (Bardon et al., 1998) 
